Background: Polymorphisms of -174G/C and -572C/G in the Interleukin-6 (IL-6) promoter gene can affect both transcription and secretion of IL-6 and may be involved in the inflammatory mechanisms in early and delayed phases after intracerebral hemorrhage (ICH). The role of these polymorphisms remains unclear for the pathogenesis of ICH. Methods: PubMed, EMBASE, MEDLINE and Google Scholar searches were conducted from January 1, 1950 to February 29, 2016 and were supplemented with relevant articles identified in the references. The following search terms were used: ('interleukin-6' or 'IL-6') and ('genetic polymorphism' or 'single nucleotide polymorphisms' or 'SNP') and ('intracerebral hemorrhage' or 'ICH') and ('hemorrhagic stroke' or 'HS'). Fixed or random effects models were used to estimate the pooled odds ratios and 95% confidence intervals. Begg's funnel plot was used to assess the potential for publication bias. Results: In our meta-analysis, three case-control studies involving 446 ICH cases and 2,322 controls were included. No significant association was observed for the IL-6 (-174G/C and -572C/G) gene polymorphisms with the risk of ICH under dominant, recessive and allelic models. Conclusion: Our meta-analysis suggests that IL-6 gene polymorphisms are not associated with the risk of ICH. However, caution must be taken while considering the results of our meta-analysis due to the presence of small sample size. Our results cannot be extrapolated to represent the effect of entire IL-6 genetic polymorphism on stroke patients worldwide. Therefore, further well-designed studies with large sample size are warranted to validate our findings and provide a profound conclusion.
Introduction
Stroke is the major leading cause of morbidity and mortality worldwide [1] . Intracerebral hemorrhage (ICH) constitutes about 10-15% of all strokes. The incidence of ICH is higher in Asian countries compared to Western countries [2] . This may be due to the difference in the prevalence of the risk factors as well as lifestyle, environmental and unclear genetic risk factors [3] . There is increasing evidence that the inflammatory mechanisms participate in early and delayed phases after ICH. Inflammation is influenced by various cytokines, such as interleukin-6 (IL-6) which plays an important role in immune regulation and inflammatory inhibition [4] [5] [6] [7] .
Human IL-6 gene is mapped at chromosome 7p21 which comprises of five exons and four introns and synthesizes a precursor protein of 232 amino acids [8, 9] . IL-6 is a pleiotropic cytokine may be a key mediator in the inflammatory response to ICH [10] . Two functional promoter polymorphisms, -174G/C (rs1800795) and -572C/G (rs1800796) have been identified in the IL-6 promoter region and these two genetic polymorphisms may be associated with the increased level of IL-6 [11] . The mechanisms leading to increased release of antiinflammatory cytokines in patients with ICH remains unclear. In addition, IL-6 secretion can also be triggered by sympathetic neurons [12] . Few studies have investigated the association of IL-6 (-174G/C and -572C/G) gene polymorphisms in relation to ICH but have shown conflicting findings [13] [14] [15] . Meta-analysis of genetic association studies combines the results from independent studies, explores the sources of heterogeneity, and identifies subgroups associated with the factor of interest. Therefore, we conducted this meta-analysis to establish a firm association between the variants (-174G/C and -572C/G) of IL-6 promoter gene polymorphisms and risk of ICH.
Materials and Methods

Identification of Relevant Studies
PubMed, EMBASE, MEDLINE and Google Scholar searches were conducted from January 1, 1950 to February 29, 2016. The following search terms were used: ('interleukin-6' or 'IL-6') and ('genetic polymorphism' or 'single nucleotide polymorphisms' or 'SNP') and ('intracerebral hemorrhage' or 'ICH') and ('hemorrhagic stroke' or 'HS'). Fixed or random effects models were used to estimate the pooled odds ratios (ORs) and 95% confidence intervals (CIs). Begg's funnel plot was used to assess the potential for publication bias. Meta-analysis was carried out using the Review Manager 5.3 software. The search was done without the limitations of language, but only included those studies that were conducted on human subjects. All references in eligible articles were extensively reviewed to identify additional published articles.
Inclusion and Exclusion Criteria
To be included in the analysis, eligible studies have to meet the following criteria: (1) case-control studies investigating the association between the IL-6 gene polymorphism and ICH; (2) all patients in the candidate gene studies meet the diagnostic criteria for ICH, and (3) studies with sufficient available data to calculate ORs with corresponding 95% CIs. The major reasons for excluding studies were: (1) not a case-control study; (2) duplicate publications with overlapping subjects from the same study, and (3) no available data reported. This meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline [16] . No author was contacted regarding the missing information that was required for the meta-analysis to avoid the risk of retrieval bias.
Data Extraction
According to the PRISMA guideline, two investigators (P.K. and S.M.) independently checked each fulltext report for eligibility and extracted the following data from eligible studies: surname of first author, year of publication, country of origin, ethnicity, definition and number of cases and controls, age, sex ratio, geno-typing method and genotype frequency. Disagreements were solved by discussion between all authors until consensus was reached.
Quality Assessment
We also evaluated the methodological quality of every study which is included in our analysis using the Newcastle-Ottawa scale [17] . Two authors (P.K. and S.M.) independently assessed the quality of included studies. Discrepancies over quality scores were resolved by discussion with all authors and subsequent consensus was reached.
Statistical Analysis
Genotype distributions in the controls were tested for confirmation of Hardy-Weinberg equilibrium using the χ 2 test. The association between the IL-6 genetic polymorphism and ICH was assessed by the pooled ORs with their corresponding 95% CIs. Taking into consideration possible between-study heterogeneity, a statistical test for heterogeneity was first conducted using Cochran's Q statistic and I 2 metric [18] . We considered the presence of significant heterogeneity at the 10% level of significance and values of I 2 exceeding 50% as an indicator of significant heterogeneity. When no heterogeneity was found with p < 0.10 or I 2 < 50%, a fixed-effect model was used to estimate the pooled ORs and 95% CIs. Otherwise, a random-effects model was applied. Begg's funnel plot was used to assess the potential for publication bias.
Results
A total of 38 published articles were identified using the pre-specified search strategy. Figure 1 represents a flow chart of retrieved and excluded studies with their reasons for exclusion. Out of 38 retrieved articles, 27 studies were excluded due to their irrelevancy to our interest, one study was excluded as it was a duplicate study, seven studies were excluded as they were not showing any association with ICH and one study was excluded as it was not a case-control design study. Keeping the inclusion criteria in mind, three case-control studies including one common study for -174G/C and -572C/G [13] , one for -174G/C [14] and one for -572C/G gene polymorphisms [15] , were included in our meta-analysis. All the three studies were in the Asian population. The publication years of the included studies ranged from 2006 to 2016. All the studies in this meta-analysis had controls in Hardy-Weinberg equilibrium. The quality scores of all included studies were moderately high. All the three studies had a hospital-based source of control. Table 1 gives a summary of the characteristics and methodological quality of all the included studies. Three case-control studies involving 446 cases and 2,322 controls were included in our meta-analysis. The study did not find any statistical significance of IL-6 -174G/C gene polymorphism with the risk of ICH under dominant (CC + CG vs. GG; OR, 1.14; 95% CI, 0.72-1.79), recessive (CC vs. CG + GG; OR, 1.17; 95% CI, 0.31-4.38) and allelic (C vs. G; OR, 1.11; 95% CI, 0.74-1.67) models ( fig. 2 ) . Similarly, we did not find any statistical significance of IL-6 -572C/G gene polymorphism with the risk of ICH under dominant (GG + CG vs. CC; OR, 1.28; 95% CI, 0.29-5.62), recessive (GG vs. CG + CC; OR, 0.77; 95% CI, 0.44-1.33) and allelic (G vs. C; OR, 1.3; 95% CI, 0.36-4.65) models ( fig. 3 ) . The shape of the Begg's funnel plots suggested no significant publication bias ( fig. 4 ). 
Discussion
IL-6 is a pleiotropic inflammatory cytokine of low molecular weight, approximately 26 kDa, with a biological half-time of less than 1 h [19] . Generally, IL-6 exerts pro-inflammatory properties including stimulation of the growth of mature B cells and promotion of the synthesis of C-reactive protein by the liver during tissue injury of infection [19, 20] . Two functional promoter polymorphisms, -174G/C (rs1800795) and -572C/G (rs1800796) have been identified in the IL-6 promoter region and these two genetic polymorphisms may be associated with the increased level of IL-6 [11] . High circulating IL-6 levels are associated with various diseases, including cardiovascular disease, type 2 diabetes mellitus, cancer growth, acute cerebral ischemia, and acute brain injury [21] [22] [23] [24] .
ICH has been shown to be influenced by environmental, life style and genetic risk factors, including hypertension, and a polymorphism of IL-6 was also significantly associated with the prevalence of ICH, with the -572C allele being a risk factor for this condition [15] . The -174G/C polymorphism of IL-6 was previously found to be associated with ICH at brain arteriovenous malformations [25] . Previous findings have suggested a high plasma level of IL-6 was shown to be an independent predictor of early hematoma growth of ICH [26] .
Individual study might be too underpowered to show any association between IL-6 (-174G/C and -572C/G) gene polymorphisms and risk of ICH; hence, we decided to pool the results from multiple studies. Meta-analysis of genetic association studies is an effective tool for garnering a greater understanding of complex diseases and potentially provides new insights into gene-disease associations. To the best of our knowledge, this is the first meta-analysis on this subject. Our meta-analysis did not find any significant association with either -174G/C or -572C/G gene polymorphism of IL-6 with the risk of ICH. A recent meta-analysis by Kumar et al. [27] consisting of 16 case-control studies involving a total of 3,317 ischemic stroke (IS) patients and 3,432 healthy controls for -174G/C polymorphism and three case-control studies with a total of 2,001 IS patients and 2,027 healthy controls for -572C/G IL-6 promoter gene polymorphism concluded that there was no significant association with the risk of IS [27] .
However, there are some limitations which need to be taken into consideration before accepting the results of our meta-analysis. First, a lower number of studies were included. Second, it summarizes the findings of only two SNPs of a single gene. Third, inadequate power of the included studies to draw solid conclusions and finally the heterogeneity in some of the models was a major concern when interpreting the results of meta-analysis in overall ICH studies. Color version available online
